Perioperative radiation therapy (RT) has been associated with reduced local recurrence in patients with retroperitoneal sarcomas (RPS); however, selection criteria remain unclear. We hypothesized that perioperative RT would improve survival in patients with RPS and would be associated with pathological factors. e National Cancer Database (NCDB) from 2004 to 2012 was reviewed for patients with nonmetastatic RPS undergoing curative intent resection. Tumor size was dichotomized at 15 cm based on 8th edition American Joint Committee on Cancer (AJCC) staging. Patients with the highest comorbidity score were excluded. Unadjusted Kaplan-Meier and adjusted Cox proportional hazards modeling analyzed overall survival (OS). Multivariable logistic regression modeled margin positivity. A total of 2,264 patients were included; 727 patients (32.1%) had perioperative radiation in whom 203 (9.0%) had radiation preoperatively. Median (IQR) RPS size was 17.5 [11.0-27.0] cm. Histopathology was high grade in 1048 patients (43.7%). Multivariable analysis revealed that perioperative radiation was independently associated with decreased mortality (HR 0.72, 95% confidence intervals (CIs) 0.62-0.84, p < 0.001), and preoperative RT was associated with reduced margin positivity (HR 0.72, 95% CI 0.53-0.97, p � 0.032). Stratified survival analysis showed that radiation was associated with prolonged median OS for RPS that were high-grade (64.3 vs. 43.6 months, p < 0.001), less than 15 cm (104.1 vs. 84.2 months, p � 0.007), and leiomyosarcomatous (104.8 vs. 61.8 months, p < 0.001). Perioperative radiation is independently associated with decreased mortality in patients with high-grade, less than 15 cm, and leiomyosarcomatous tumors. Preoperative radiation is independently associated with margin-negative resection. ese data support the selective use of perioperative radiation in the multidisciplinary management of RPS.
Introduction
Retroperitoneal sarcomas (RPS) are a subset of soft tissue sarcomas (STS) that provide an oncologic treatment challenge. An R0 surgical resection provides patients with the best chance for improved survival and decreased local recurrence [1, 2] , but R0 resection often is difficult to achieve because of large tumor size and frequent involvement of adjacent structures and organs [3] . Indeed, the anatomy of the retroperitoneum makes it difficult, if not impossible, to obtain negative margins compared to extremity STS. Consequently, local recurrence is the most common pattern of disease progression after surgical resection of RPS [4, 5] . Furthermore, three out of every four deaths due to RPS are the result of local recurrence. erefore, better local control is needed to improve survival [6] .
Adjuvant radiation therapy (RT) has been associated with reduced local recurrence in a randomized trial for extremity sarcomas [7] , but no such trial has been completed for RPS. Although multiple prior database studies have shown RT was associated with improved survival with extremity sarcoma, only patients with high-grade sarcomas benefited, regardless of location [8] [9] [10] [11] . Among prior database studies for RPS, there have been mixed results with some showing a survival benefit with adjuvant radiation and others showing no improvement [12] [13] [14] . e influence of tumor size, grade, and histology on the outcomes associated with perioperative RTfor patients with RPS remains unclear and has not previously been studied. Although the National Comprehensive Cancer Network (NCCN) recommends preoperative RT in all RPS [15] , in practice, the decision to treat patients with perioperative RT remains controversial and inconsistent across the United States (US), given the lack of available evidence [16] .
Further data are needed to improve decision-making regarding selection of patients most likely to benefit from RT. Tumor size, grade, and histological subtype have been shown to be the determinants of survival after resection of RPS [17, 18] . We sought to determine whether these factors were associated with survival in patients with RPS who were treated with perioperative RT. We hypothesized that perioperative RT would be associated with an overall improvement in outcomes, but also that tumor size, grade, and histologic subtype would influence these outcomes. To test this hypothesis, we used the National Cancer Database (NCDB) to determine survival outcomes in a large cohort of patients treated for RPS.
Materials and Methods
is retrospective cohort analysis of the NCDB participant user file (PUF) examined patients undergoing treatment for RPS from 2004-2012. e Institutional Review Board at Mayo Clinic has deemed analysis of the NCDB PUF exempt.
e NCDB contains over 30 million records of individual cancer cases in a national hospital-based registry collected by more than 1,500 Commission on Cancer-(CoC-) approved facilities across the US. e NCDB data reporting is tracked and audited, and must meet quality standards in order for centers to maintain their CoC center designation [19] . e NCDB has previously been shown to capture approximately 70% of all new cases of cancer in the US [20] .
Patients with RPS were identified using International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) topography (C48.0) and histology (8800-8806, 8810-8815, 8830, 8840, 8850-8858, 8890-8896, 8900-8902, 8910-8912, and 8980-8982) codes. Only patients diagnosed and treated at the reporting facility were included. Patients diagnosed with cancer at more than one site, treated as part of a palliative plan of care, or missing data on staging or follow-up were excluded. Comorbidity was assessed using the method outlined by Deyo et al. [21] , and patients with a comorbidity score of 2 or greater were excluded due to their increased risk of early noncancerrelated mortality. Only patients treated with curative-intent surgery were included (surgery of primary site codes . A STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) compliant diagram showing the patients included and excluded in the study is shown in Figure 1 .
Statistical Analysis.
Unadjusted Kaplan-Meier survival analysis was performed with survival defined from date of diagnosis, and survival estimates were compared with the log-rank test. Probability of survival at interval time horizons is reported with 95% confidence intervals (CIs). A 0.05 level of significance was used for all comparisons. All statistical tests were two-tailed. Statistical analysis was performed with R version 3.2.4 [22] .
Results
A total of 9,711 patients were identified with primary RPS. Of these, 7,447 patients (76.7%) were excluded for reasons listed in Figure 1 , and 2,264 patients (23.3%) were included in the final analysis. Of these patients, 1,537 (67.9%) were treated with resection alone, 727 patients (32.1%) were treated with resection and perioperative radiation, and 203 patients (8.9%) underwent preoperative radiation. Overall comorbidity and demographic background were similar between treatment groups, except that patients treated with both resection and radiation were younger (Table 1) .
For all patients, the median (IQR) tumor size was 17.5 (11.0-27.0) cm and 996 (44.0%) patients had high-grade tumors. Histological subtypes included liposarcoma, leiomyosarcoma, undifferentiated pleomorphic sarcoma, and sarcoma not otherwise specified (NOS). ere were 941 (75.8%) well-differentiated liposarcomas and 300 To assess the effect of radiation on OS in patients with RPS, a survival analysis was performed comparing patients treated with resection alone vs. patients treated with resection and perioperative radiation ( Figure 2 ) stratified by various factors. ree factors significantly correlated with survival: RPS grade, size, and histologic subtype. Median OS was greater for patients after resection and radiation compared to patients treated with resection alone with highgrade RPS (64.3 vs. 43.6 months, p < 0.001) and with tumors less than 15 cm (104.1 months vs. 84.2 months, p � 0.007). Lastly, median OS for patients with leiomyosarcomas was greater after resection and radiation than after resection alone (104.8 months vs. 61.8 months, p < 0.001). Overall median survival did not differ between treatment groups for low-grade RPS (p � 0.354), liposarcomas (p � 0.879), and RPS ≥15 cm (p � 0.899). In a subgroup analysis of liposarcomas, there was no statistically significant impact on OS for patients undergoing radiation with either welldifferentiated or dedifferentiated liposarcomas.
An adjusted multivariable analysis of resection margin status showed that neoadjuvant radiation was associated with a reduction of positive margins (OR 0.72, 95% CI 0.53-0.97, p � 0.032) (Figure 3 ). e RPS size and grade did not correlate with margin status. A multivariable analysis of mortality hazard showed that radiation was independently associated with a decreased mortality hazard (HR 0.72, 95% CI 0.62-0.84, p < 0.001) (Figure 4 ). Factors that were independently associated with increased mortality hazard were tumors ≥15 cm, age greater than 65, high-grade RPS, positive margins, and RPS histological subtypes including leiomyosarcoma, undifferentiated pleomorphic sarcoma, and sarcoma NOS.
Discussion
is study of the NCDB, a large national registry representing more than 70% of newly diagnosed malignancies nationwide, suggests that perioperative radiation as a surgical adjunct to improve local control may translate selectively into an improvement in OS. e survival benefit of radiation persisted after adjustment for other factors that influence survival including age, comorbidity, margin status, tumor size, grade, and histologic subtype.
is finding supports the current NCCN guidelines for consideration of perioperative RT for all RPS. However, our study clarifies those guidelines by identifying those patients with Sarcoma RPS most likely to benefit from radiation: small RPS, highgrade RPS, and leiomyosarcomas. Although a randomized clinical trial addressing radiation and resection would best confirm these findings, large registry studies will likely provide the best further validation of the benefit of radiation on OS for RPS. Additional data assessing local control by radiation for patients undergoing resection for RPS is needed. Because three out of every four deaths due to RPS are caused by local recurrence, the impact of radiation on local control is likely a key factor affecting survival. However, the clinical impact of perioperative radiation on OS related to different subsets of RPS and relationships to adjacent organs and structures may further affect treatment selection.
e role of neoadjuvant radiation for patients with RPS is particularly relevant, given its potential impact on achieving R0 resection. e ability of preoperative radiation to improve margin status for RPS has been reported in our study, as well as in a previous retrospective study [23] .
is effect on margins has been seen in pancreas cancer as well and is thought to be associated with the direct treatment effect of the radiation [24] . A randomized controlled trial of preoperative radiotherapy 50.4 Gy/28 fractions followed by en-bloc resection of RPS compared to en-bloc resection of RPS alone ( Sarcomawith the primary endpoint of abdominal recurrence-free survival. Results are anticipated soon and are expected to validate the improvement in local recurrence-free survival reported in small nonrandomized studies. However, the trial will not be powered for the secondary end-point of OS. e actual impact of radiation with resection has been difficult to assess because of the incidence and heterogeneity of RPS and inconsistent selection of patients in its application. Although the NCCN guidelines recommend perioperative radiation for all RPS [15] , we found fewer than one-third of patients received perioperative radiation nationally and less than 28% of these patients received the radiation preoperatively. Identification of clinical and pathological factors which predict patients with the greatest benefit from the addition of perioperative radiation may help to improve national adherence to treatment guidelines. We identified high-grade tumors, the histological subtype of leiomyosarcoma, and tumors less than 15 cm to have the most dramatic benefit in OS with the addition of perioperative radiation. Our data are consistent with previous reports illustrating that the radioresponsiveness of STS is variable and dependent on grade and histology [25] . Higher histologic grade has been associated with higher local recurrence rates and decreased survival [5] . Radiation therapy has been postulated to help mitigate these risks for highgrade tumors and is further supported in our study [26] . Histologic differentiation and grade are important determinants of clinical outcomes in liposarcoma patients. Well-differentiated retroperitoneal liposarcomas mostly present as local recurrences but do not metastasize, with a five-year OS of 90% [5] . In contrast, dedifferentiated and pleomorphic liposarcomas have poor outcomes compared to well-differentiated but still preferentially recur in a local pattern. Given this distinction, it was surprising to find no significant difference in OS for perioperative radiation in welldifferentiated and dedifferentiated liposarcoma groups on subgroup analysis. Yet, it is important to remember that this study was unable to look at other important clinical outcomes, like recurrence-free survival, which play a significant role in the disease process of liposarcomas.
Although no large series exists on the radioresponsiveness of leiomyosarcoma, there is a general agreement on the necessity and benefit of perioperative RT. A previous report of 14 patients with retroperitoneal leiomyosarcoma suggested a significant improvement in local recurrence and OS for those treated with RT in addition to surgery [27] . Similarly, our study suggests a significant improvement in survival for patients with leiomyosarcoma treated with radiation plus resection compared to resection alone. e influence of size likely reflects the challenges of achieving therapeutic radiation levels to a larger treatment field while simultaneously minimizing toxicity.
is is particularly challenging when the majority of the radiation in this study was given postoperatively. We postulate that advanced techniques, experience, and preoperative delivery of RT may overcome the limitation of size.
A small subset of patients received chemotherapy as part of their treatment regimen, and it is difficult to determine whether this was administered as part of chemoradiation in the context of the NCDB. Chemotherapy is not a standard treatment for RPS [28] , and chemoradiation is rarely used outside of clinical trials. For these reasons, chemotherapy status was not included in the survival analysis as its impact is likely insignificant in this cohort.
Our study is limited by its retrospective and nonrandomized nature which we have attempted to address through the use of multivariable modeling to adjust for known confounders. ere is no information on patterns and time of recurrence in the NCDB. Survival analysis thus is limited to OS. We attempted to account for this by excluding Figure 4 : Adjusted model of overall survival. 6 Sarcoma patients who had significant comorbidity scores and thus competing risks of death. We have utilized outlier exclusion and multivariable regression instead of propensity matching in order to maximize the study's power to detect differences in the populations under study. We have previously discussed the limitations of propensity matching for retrospective cohort analysis, and do not feel they would add much to this study [29, 30] . Indications for radiation and its delivery are unknown.
Conclusion
Despite the growing evidence to support improved OS through local control by the addition of radiation to resection of RPS, only a minority of patients who present with curative-intent resection for RPS will be given any perioperative radiation, and even fewer patients will receive preoperative radiation. Our investigation of the NCDB suggests that radiation is independently associated with decreased mortality. is benefit is particularly evident in patients with high-grade, less than 15 cm, and leiomyosarcomatous tumors. As a result, perioperative radiation for RPS should be selectively considered in the multidisciplinary management of RPS.
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